Biodegradation is one of the primary mechanisms for the elimination of petroleum and other hydrocarbon pollutants from the environment. This study presents the results obtained with two newly isolated microorganisms and their potential applications in bioremediation, agriculture, and industrial fields. Twenty-five strains of microorganisms were isolated from plant materials and were subject to a selection process on the basis of antimicrobial activity. Two bacterial strains, respectively Bacillus mycoides (Bm) and Pseudomonas putida (B1), were selected for further experiments, based on the largest inhibition zones against the phytopathogens Erwinia carotovora and Xanthomonas campestris. The production of biosurfactants and enzymes was evaluated in specific media. In order to assess the production of biosurfactants, submerged bioprocesses were carried out on Yeast Malt Peptone Glucose (YMPG), M44, Luria-Bertani (LB), and King B media (KB); the supernatants were used to form emulsions with heptane, octane, and sunflower oil, and the emulsifying indices were determined.
Introduction
The resistance of phytopathogens to a wide range of chemical synthesis compounds is currently a widespread phenomenon, and finding solutions to replace these substances with new, natural compounds is an ongoing concern in the field of research [1] . Many studies and experiments have been carried out over time, both in the laboratory and in the field, to combat the phytopathogens with the help of microbial antagonists. These antagonists, also known as biocontrol agents, are commonly occurring nonpathogenic microbes such as fungi, bacteria, or yeast. Antagonists act directly on phytopathogens through different mechanisms such as hyperparasitism, competition for a substrate, and the secretion of metabolites with an antibiotic effect. Many of the bacteria belonging to the The overall trend for pH value was a slight increase from 7.25 to 8.57. For B. mycoides (Bm), the maximum growth was achieved after 8 h of fermentation, when the pH value also reached a higher value. Then, both the OD and the pH started to decrease slowly.
The slight disruptions of the general trend in OD were probably due to the shift from one source of growth to another.
In King B (KB) medium (Figure 2 ), the strain P. putida (B1) achieved its maximum biomass growth at 32 h after inoculation, and then, a slow decrease in OD value was observed. During the growth period, the pH value was in the range of 7.2-7.5 and, after that, rose slightly to eight. The strain B. mycoides (Bm) showed significant growth until 24 h, coinciding with a slight decrease in pH value. The significant decrease in OD between 32 and 48 h was probably due to the fact that the strain depleted the peptone from the medium and switched to glycerol metabolism. In the next 16 h, when glycerol was almost exhausted, the OD value began to decrease as a result of cell death because of the small amount of nutrients, remaining relatively constant between 56 and 72 h. The overall trend for pH value was a slight increase from 7.25 to 8.57. For B. mycoides (Bm), the maximum growth was achieved after 8 h of fermentation, when the pH value also reached a higher value. Then, both the OD and the pH started to decrease slowly.
In King B (KB) medium (Figure 2 ), the strain P. putida (B1) achieved its maximum biomass growth at 32 h after inoculation, and then, a slow decrease in OD value was observed. During the growth period, the pH value was in the range of 7.2-7.5 and, after that, rose slightly to eight. The strain B. mycoides (Bm) showed significant growth until 24 h, coinciding with a slight decrease in pH value.
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Results and Discussion

Cultivation of B. mycoides and P. putida in Several Media
Newly isolated microorganisms were grown submerged in the above mentioned media, in order to be tested for antimicrobial activity and for enzyme and biosurfactant production. In the figures below, the growth results for B. mycoides (Bm) and P. putida (B1) are presented.
In the NB medium (Figure 1 ), the strain P. putida (B1) reached the maximum growth after 16 h; then, a slow decrease was registered, measured in optical density. The overall trend for pH value was a slight increase from 7.25 to 8.57. For B. mycoides (Bm), the maximum growth was achieved after 8 h of fermentation, when the pH value also reached a higher value. Then, both the OD and the pH started to decrease slowly.
In King B (KB) medium (Figure 2 ), the strain P. putida (B1) achieved its maximum biomass growth at 32 h after inoculation, and then, a slow decrease in OD value was observed. During the growth period, the pH value was in the range of 7.2-7.5 and, after that, rose slightly to eight. The strain B. mycoides (Bm) showed significant growth until 24 h, coinciding with a slight decrease in pH value. The significant decrease in OD between 32 and 48 h was probably due to the fact that the strain depleted the peptone from the medium and switched to glycerol metabolism. In the next 16 h, when glycerol was almost exhausted, the OD value began to decrease as a result of cell death because of the small amount of nutrients, remaining relatively constant between 56 and 72 h. The significant decrease in OD between 32 and 48 h was probably due to the fact that the strain depleted the peptone from the medium and switched to glycerol metabolism. In the next 16 h, when glycerol was almost exhausted, the OD value began to decrease as a result of cell death because of the small amount of nutrients, remaining relatively constant between 56 and 72 h.
During fermentation in the LB medium (Figure 3 ), the strains' growth was similar: Maximum growth was achieved at 16 h for both strains. However, B. mycoides (Bm) registered higher values for OD. Almost similar values were registered for the pH, with small differences in the first 12 h, as the general tendency for the Bm strain was the pH decrease in the logarithmic phase of growth. During fermentation in the LB medium (Figure 3 ), the strains' growth was similar: Maximum growth was achieved at 16 h for both strains. However, B. mycoides (Bm) registered higher values for OD. Almost similar values were registered for the pH, with small differences in the first 12 h, as the general tendency for the Bm strain was the pH decrease in the logarithmic phase of growth. In the M44 medium ( Figure 4 ), both strains registered the best values for OD, when compared with the results obtained for the other media. Maximum growth for Bm was achieved at 44 h, then OD started to slowly decrease, probably because of the lack of a nitrogen source and an excess of glycerol. B1 exhibited a different behavior: The growth curve for this strain remained ascendant at 72 h, probably because the glycerol amount did not act as an inhibitor. The maximum growth for B1 was reached at 32 h in the YMPG medium ( Figure 5 ). In the first 24 h, the pH value slowly decreased to 6.88 and then slowly increased to 7.51 at the end of the bioprocess. The cellular growth for the Bm strain was greatest at 32 h and significantly decreased between 40 h and 48 h, as a result of cell death, remaining relatively constant between 48 and 72 h. In the M44 medium ( Figure 4 ), both strains registered the best values for OD, when compared with the results obtained for the other media. Maximum growth for Bm was achieved at 44 h, then OD started to slowly decrease, probably because of the lack of a nitrogen source and an excess of glycerol. B1 exhibited a different behavior: The growth curve for this strain remained ascendant at 72 h, probably because the glycerol amount did not act as an inhibitor. During fermentation in the LB medium (Figure 3 ), the strains' growth was similar: Maximum growth was achieved at 16 h for both strains. However, B. mycoides (Bm) registered higher values for OD. Almost similar values were registered for the pH, with small differences in the first 12 h, as the general tendency for the Bm strain was the pH decrease in the logarithmic phase of growth. In the M44 medium ( Figure 4 ), both strains registered the best values for OD, when compared with the results obtained for the other media. Maximum growth for Bm was achieved at 44 h, then OD started to slowly decrease, probably because of the lack of a nitrogen source and an excess of glycerol. B1 exhibited a different behavior: The growth curve for this strain remained ascendant at 72 h, probably because the glycerol amount did not act as an inhibitor. The maximum growth for B1 was reached at 32 h in the YMPG medium ( Figure 5 ). In the first 24 h, the pH value slowly decreased to 6.88 and then slowly increased to 7.51 at the end of the bioprocess. The cellular growth for the Bm strain was greatest at 32 h and significantly decreased between 40 h and 48 h, as a result of cell death, remaining relatively constant between 48 and 72 h. The maximum growth for B1 was reached at 32 h in the YMPG medium ( Figure 5 ). In the first 24 h, the pH value slowly decreased to 6.88 and then slowly increased to 7.51 at the end of the bioprocess. The cellular growth for the Bm strain was greatest at 32 h and significantly decreased between 40 h and 48 h, as a result of cell death, remaining relatively constant between 48 and 72 h. During fermentation in the LB medium ( Figure 3 ), the strains' growth was similar: Maximum growth was achieved at 16 h for both strains. However, B. mycoides (Bm) registered higher values for OD. Almost similar values were registered for the pH, with small differences in the first 12 h, as the general tendency for the Bm strain was the pH decrease in the logarithmic phase of growth. In the M44 medium ( Figure 4 ), both strains registered the best values for OD, when compared with the results obtained for the other media. Maximum growth for Bm was achieved at 44 h, then OD started to slowly decrease, probably because of the lack of a nitrogen source and an excess of glycerol. B1 exhibited a different behavior: The growth curve for this strain remained ascendant at 72 h, probably because the glycerol amount did not act as an inhibitor. The maximum growth for B1 was reached at 32 h in the YMPG medium ( Figure 5 ). In the first 24 h, the pH value slowly decreased to 6.88 and then slowly increased to 7.51 at the end of the bioprocess. The cellular growth for the Bm strain was greatest at 32 h and significantly decreased between 40 h and 48 h, as a result of cell death, remaining relatively constant between 48 and 72 h. The results obtained during the experiments confirmed that, in both cases, the antagonists exerted antimicrobial action against the phytopathogens E. carotovora ICCF 138 and X. campestris ICCF 274. A Catalysts 2019, 9, 959 5 of 16 better antimicrobial activity ( Table 1) was noticed in Experiment I, where the diameters of the inhibition zones were larger than those registered in Experiment II. In Table 2 , the results are presented as the average of the values together with the standard errors, from three independent replications. According to some researchers [27] , the production of biosurfactants is influenced by the type of carbon source present in the medium. The results obtained during this study confirmed their observations, especially in the case of the B. mycoides (Bm) strain, which grew better in the M44 medium containing glycerol.
Enzyme Production
Extracellular enzyme and metabolite production is often associated with antagonism properties [28] . Most of the species of the Bacillus and Pseudomonas genera have the ability to produce extracellular enzymes and secondary metabolites [29] . For this reason, the selected strains were tested in several media in order to study the production of such compounds. Enzyme production was revealed on agarized media, containing the appropriate carbon sources. Tests results revealed that B. mycoides (Bm) produced amylases, P. putida (B1) produced catalase ( Figures 6 and 7) , and both strains produced lipases ( Figure 8 ).
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The enzymatic activities measured for amylase (enzymatic assay of α-Amylase EC 3. 
Emulsification Index
The cultivation dynamics of the selected strains, tested on KB, LB, M44, and YMPG media for biosurfactant production, was monitored by regular pH and OD λ = 550nm measurements. After 72 h of fermentation, the media were centrifuged, and the supernatants were used for the following experiments. In the Figure 9 are presented the emulsions obtained by these supernatants with sunflower oil, heptane and octane. 
The cultivation dynamics of the selected strains, tested on KB, LB, M44, and YMPG media for biosurfactant production, was monitored by regular pH and ODλ = 550nm measurements. After 72 h of fermentation, the media were centrifuged, and the supernatants were used for the following experiments. In the Figure 9 are presented the emulsions obtained by these supernatants with sunflower oil, heptane and octane. The figures below present the values of the emulsifying index obtained after 24 h and 30 days, respectively, following the vigorous stirring of supernatants with sunflower oil, heptane, and octane.
Supernatants of the P. putida (B1) strain grown in the LB medium produced stable emulsions with sunflower oil ( Figure 10 ); the value of the emulsifying index was 56.7 after 24 h and 54.76 after 30 days, respectively. In the KB medium, the strain produced biosurfactants that emulsified the oil, but the emulsion formed was less stable; the emulsifying index was 19.18 after 30 days. Supernatants of the B. mycoides (Bm) strain grown on LB and KB media produced emulsions with sunflower oil ( Figure 10 ) that remained stable for 24 h. P. putida (B1) produced biosurfactants in the YMPG and M44 media ( Figure 11 ), which formed emulsions with sunflower oil that remained stable for 24 h, while those of B. mycoides (Bm) remained stable for 30 days, when the strain was grown on M44. The figures below present the values of the emulsifying index obtained after 24 h and 30 days, respectively, following the vigorous stirring of supernatants with sunflower oil, heptane, and octane.
Supernatants of the P. putida (B1) strain grown in the LB medium produced stable emulsions with sunflower oil (Figure 10) ; the value of the emulsifying index was 56.7 after 24 h and 54.76 after 30 days, respectively. In the KB medium, the strain produced biosurfactants that emulsified the oil, but the emulsion formed was less stable; the emulsifying index was 19.18 after 30 days. Supernatants of the B. mycoides (Bm) strain grown on LB and KB media produced emulsions with sunflower oil ( Figure 10 ) that remained stable for 24 h.
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The emulsions of the supernatants from B. mycoides (Bm) grown in both the LB and KB media ( Figure 12 ) with heptane were not stable for even 24 h.
The emulsions of the biosurfactants from the P. putida (B1) strain (on YMPG and M44) with heptane ( Figure 13 ) remained stable for 24 h, while the Bm supernatants from the fermentations in the M44 medium (Figures 13) formed emulsions that remained stable for 30 days.
Biosurfactants of the P. putida (B1) strain grown in both the KB and LB media ( Figure 14 ) registered higher values of emulsifying indices with octane at 24 h and 30 days, respectively. Biosurfactants produced by B. mycoides (Bm) in the KB and LB media ( Figure 14 ) did not seem to have the ability to emulsify the octane, but those produced on M44 ( Figure 15 ) registered, at 24 h and 30 days, good values for emulsifying indices.
The emulsions of the biosurfactants from the P. putida (B1) strain (on YMPG and M44) with heptane ( Figure 13 ) and octane ( Figure 15 ) remained stable for 24 h, while the Bm supernatants from the fermentations in the M44 medium ( Figures 13 and 15 ) formed emulsions that remained stable for 30 days. The emulsifying indices registered for the P. putida (B1) strain grown in the LB medium were higher in the case of heptane ( Figure 12 ) and were also stable: After 24 h, it was 68.49 and 63.23 after 30 days, respectively. The biosurfactants produced in the KB medium also formed relatively stable emulsions with heptane; the emulsifying indices were 34.29 after 24 h and 20.9 after 30 days, respectively. The emulsifying indices registered for the P. putida (B1) strain grown in the LB medium were higher in the case of heptane ( Figure 12 ) and were also stable: After 24 h, it was 68.49 and 63.23 after 30 days, respectively. The biosurfactants produced in the KB medium also formed relatively stable emulsions with heptane; the emulsifying indices were 34.29 after 24 h and 20.9 after 30 days, respectively.
The emulsions of the biosurfactants from the P. putida (B1) strain (on YMPG and M44) with heptane ( Figure 13 ) and octane ( Figure 15 ) remained stable for 24 h, while the Bm supernatants from the fermentations in the M44 medium ( Figures 13 and 15 ) formed emulsions that remained stable for 30 days. The emulsions of the supernatants from B. mycoides (Bm) grown in both the LB and KB media ( Figure 12 ) with heptane were not stable for even 24 h.
The emulsions of the biosurfactants from the P. putida (B1) strain (on YMPG and M44) with heptane ( Figure 13 ) remained stable for 24 h, while the Bm supernatants from the fermentations in the M44 medium ( Figure 13 ) formed emulsions that remained stable for 30 days. Biosurfactants of the P. putida (B1) strain grown in both the KB and LB media ( Figure 14 ) registered higher values of emulsifying indices with octane at 24 h and 30 days, respectively. Biosurfactants produced by B. mycoides (Bm) in the KB and LB media ( Figure 14 ) did not seem to have the ability to emulsify the octane, but those produced on M44 ( Figure 15 ) registered, at 24 h and 30 days, good values for emulsifying indices. The emulsions of the biosurfactants from the P. putida (B1) strain (on YMPG and M44) with heptane ( Figure 13 ) and octane ( Figure 15 ) remained stable for 24 h, while the Bm supernatants from the fermentations in the M44 medium (Figures 13 and 15 ) formed emulsions that remained stable for 30 days.
The values of the emulsifying index obtained with sunflower oil indicated that the biosurfactants produced by B. mycoides (Bm) could have applications in the preparation of oil based cosmetics and foods, as well as in the bioremediation of oil waste.
Some authors have shown that Pseudomonas sp. strains are good producers of biosurfactants that can be used in many industrial applications [33] [34] [35] . According to Chong and Lee, the key enzymes for rhamnolipids biosynthesis are almost exclusively limited to Pseudomonas sp. and Burkholderia sp. Although many authors have claimed that P. aeruginosa is the best producer of biosurfactants, there remain some concerns about its pathogenicity in the case of large scale production and applications.
Our results showed that the P. putida (B1) strain was a good producer of biosurfactants, and in addition, the strain did not present a danger for future applications. The emulsions formed by supernatants of the newly isolated strains with sunflower oil were stable, and many authors considered that the emulsion stability is one of the most important properties of a biosurfactant. In their opinion, the emulsion remains stable, and the biosurfactant could have numerous potential applications, if its E24 corresponds to 50% or more [36] [37] [38] [39] .
The values of the emulsifying indices obtained for octane were better than those obtained for heptane. This observation is in accordance with the observations made by Pathak and Keharia (2014) [40] , who obtained an emulsifying index of 50.0 for octane and an emulsifying index of 40.0 for heptane, with the emulsions remaining stable for two days.
Many researchers agree with the observation of Pathak and Keharia that the emulsification index decreases with the reduction of hydrocarbon chain length [40, 41] .
Materials and Methods
Biologic Material
The microorganisms of interest were isolated from various plant materials (hay, beans, potatoes, cabbage). The plant materials were collected from different areas of Romania (Valcea, Bucharest, Ilfov) in sterile receptacles, kept in a refrigerator until processing, and prepared according to the protocol described elsewhere: approximately 1 g of each material was sterile inoculated in 500 mL flakes with 100 mL liquid medium, specific for bacteria, yeasts, and fungi [42] . After 24 h of incubation at 30 ± 1 • C and 220 rpm, the microorganisms were isolated as a pure culture using the serial dilution method and the streak plate method, on specific media: bacteria on Nutrient Agar (NA), yeasts on Yeast Malt Peptone Glucose (YMPG), and fungi on Potato Dextrose Agar (PDA). Twenty-five strains of microorganisms were isolated from the plant collected and the samples processed: 20 strains of bacteria, 3 of yeasts, and 2 of fungi.
These microorganisms were tested for their antimicrobial activity against two phytopathogens, from the collection of the National Institute for Chemical Pharmaceutical Research and Development-ICCF, Erwinia carotovora ICCF 138 and Xanthomonas campestris ICCF 274.
Two bacterial strains were the most interesting, being identified as belonging to Pseudomonas putida and Bacillus mycoides, by Maldi Biotyper MSP Identification Standard Method 1.1 and Rep-PCR.
Culture Media
The following media were used in the experiments [43] : NA (Nutrient Agar) % (g/v): 0.50 peptone, 0.30 yeast extract, 1.50 agar, 0.50 NaCl; Bacillus thuringiensis medium is denoted here as NB (Nutrient Broth) % (g/v): 0.10 beef extract, 0.20 yeast extract, 0.50 peptone, 0.50 NaCl; The chemicals were purchased from Sigma and Difco. All culture media were prepared with distilled water, adjusted to a pH range of 6.5-7.2, and sterilized for 20 min at 121 • C. For the submerged bioprocesses, Erlenmeyer flasks of 500 mL capacity, with 100 mL medium, were used.
Preservation of Strains and Cultivation Conditions
The phytopathogen strains used in experiments, X. campestris ICCF 274 and E. carotovora ICCF 138, were from the collection of the National Institute for Chemical Pharmaceutical Research and Development-ICCF. The microorganisms of interest, B. mycoides (Bm) and P. putida (B1), were isolated from various plant materials collected from different areas of Romania (Valcea, Bucharest, Ilfov).
Except for the X. campestris ICCF 274 strain, which was maintained on YMPG medium, all the other strains used in experiments, respectively E. carotovora ICCF 138, B. mycoides (Bm), and P. putida (B1), were grown on M44 medium.
The pre-inoculum consisted of bacterial strains incubated at 28-30 • C for 48-72 h on YMPG, respectively M44 agarized medium. The inoculum medium (YMPG for X. campestris ICCF 274 and M44 for all the other strains) was seeded with 2.0 mL pre-inoculum containing 9 × 10 8 CFU/mL (McFarland Standard No. 3) , and the fermentation medium was inoculated with 10.0 mL of inoculum. The strains were cultivated 24-48 h for inoculum and 48-72 h for bioproduction, at 28-30 • C and 220 rpm.
Bacterial cell growth was expressed as Optical Density (OD) at 550 nm.
Antimicrobial Activity Assay
The isolated strains and their supernatants were tested for their antimicrobial activity in two parallel experiments, conducted in triplicate. The antimicrobial activity assay was performed by the double culture method, in Petri plates [42] (Soare et al., 2017) . YMPG medium in the case of Xanthomonas campestris ICCF 274 and M44 medium for Erwinia carotovora ICCF 138 were used, being the best growth media for these strains. The first experiment (Experiment I) followed an approach described by Soare et al.: One millimeter of inoculum from the broth culture of phytopathogens (containing 3 × 10 8 UFC/mL, McFarland Standard No. 1) was added by pipette to the center of the Petri dish, over the agar medium (cooled, but still molten) and rotated gently, till they mixed. After solidification, 20 µL of inoculum containing 9 × 10 8 CFU/mL (McFarland Standard No. 3) , from the broth culture of B. mycoides (Bm), respectively P. putida (B1), were put in the middle of the plate, allowed to be adsorbed in the medium, and the plates were incubated at 30 ± 1 • C. The inhibition zones were checked daily.
In the second experiment (Experiment II), the phytopathogens (1 mL of inoculum from the broth culture of phytopathogens, containing 3 × 10 8 UFC/mL) were first added to the culture medium according to the same method. The plates were maintained at room temperature (20 ± 1 • C) for 24 h, and then, the antagonists (B. mycoides (Bm), respectively P. putida (B1)) were inoculated. The antagonists were added in the center of the Petri dishes containing the phytopathogen and were incubated for 48 h at 30 ± 1 • C. 1 m L of the phytopathogen suspension (containing 3 × 10 8 UFC/mL), and 20 µL of the antagonists inoculum, containing 3 × 10 8 UFC/mL were added in every Petri plate. The antimicrobial activity was checked daily, and the inhibition zones were recorded. The Zones Of Inhibition (ZOI) were calculated using the formula:
where ZOI = Zones Of Inhibition and d = distance between the edge of the antagonist's colony and the edge of the zone of inhibition. For the antimicrobial activity assay of the biosurfactants, the strains of B. mycoides (Bm) and P. putida (B1) were grown submerged, for 72 h, at 28-30 • C and 220 rpm, on five media: NB, KB, LB, M44, and YMPG. At the end of the fermentations, the broths were centrifuged for 40 min at 4 • C and 9000 rpm.
The supernatants used in experiments were sterilized for 30 min at 115 • C, and after sterilization, no significant changes were registered in the emulsification activity. Many authors mention that some biosurfactants are heat resistant [44] , while some are not, and the main criterion in their tests was verifying the emulsification activity after autoclaving the samples [45] . The antimicrobial activity of the biosurfactants was evaluated using the agar diffusion method against the aforementioned phytopathogens. For each sample, 0.25 mL of supernatant were added in metal cylinders. After 24 h of incubation at 30 ± 1 • C, the inhibition zones were measured from the edge of the cylinder to the edge of the inhibition zone.
Enzyme Production
The ability of the two bacterial strains to produce certain enzymes was tested on differential media, according to the protocols described below; then, the enzymatic activities were measured for: amylase (enzymatic assay of α-amylase EC 3.2.1.1, with DNS, [30]), lipase (enzymatic assay of lipase EC 3.1.1.3, titrimetric method, [31]), and catalase (enzymatic assay of catalase EC 1.11.1.6, [32]), following the Sigma-Aldrich protocols.
In order to investigate amylases' production, B. mycoides (Bm) and P. putida (B1) were grown on Petri plates with Starch Nutrient Agar (SNA) medium. The medium was spot inoculated and incubated for 48 h at 30 • C. Following incubation, the plates were flooded with 2 mL of Gram's iodine, which forms a dark blue-colored complex in the presence of starch. Colorless zones around the colonies revealed starch hydrolysis.
For amylase activity determination, the strains were cultivated in SNA broth medium, for 72 h, at 28-30 • C and 220 rpm, till B. mycoides (Bm) reached an OD of 8.15 and P. putida (B1) reached an OD of 4.25. After centrifugation of the culture broths (30 min at 4 • C and 8000 rpm), the supernatants were used for the determination of the enzymatic activity, by a spectrophotometric method, based on starch hydrolysis into maltose [30] .
One unit of amylase activity is defined as the amount of enzyme that liberates 1.0 mg of maltose from starch in 3 min, at pH 6.9, at 20 • C.
The production of catalase is important in neutralizing the bactericidal effects of hydrogen peroxide, which can harm the microorganisms. To check the ability of B. mycoides (Bm) and P. putida (B1) to produce catalase, a small amount of bacterial isolate was mixed with 3% hydrogen peroxide solution. The bacterial isolates were considered as catalase positive if oxygen bubbles occurred.
To investigate catalase production at a quantitative level, B. mycoides (Bm) and P. putida (B1) were grown on M44 solid medium, for 72 h, at 30 • C. After that, the surfaces of the media containing the cultures of the strains (6 × 10 8 UFC/mL) were washed with 3 mL of distilled water. The cell suspensions were subjected to ultrasonication to extract the enzyme (35 kHz frequency ultrasound, Bandelin Sonorex digital 10 p ultrasonic bath dk 255 P), then centrifuged, and the supernatant was analyzed for spectrophotometric determination of the enzymatic activity [32], based on the following reaction: where ZOI = Zones Of Inhibition and d = distance between the edge of the antagonist's colony and the edge of the zone of inhibition. For the antimicrobial activity assay of the biosurfactants, the strains of B. mycoides (Bm) and P. putida (B1) were grown submerged, for 72 h, at 28-30 °C and 220 rpm, on five media: NB, KB, LB, M44, and YMPG. At the end of the fermentations, the broths were centrifuged for 40 min at 4 °C and 9000 rpm.
The supernatants used in experiments were sterilized for 30 min at 115 °C, and after sterilization, no significant changes were registered in the emulsification activity. Many authors mention that some biosurfactants are heat resistant [44] , while some are not, and the main criterion in their tests was verifying the emulsification activity after autoclaving the samples [45] . The antimicrobial activity of the biosurfactants was evaluated using the agar diffusion method against the aforementioned phytopathogens. For each sample, 0.25 mL of supernatant were added in metal cylinders. After 24 h of incubation at 30 ± 1 °C, the inhibition zones were measured from the edge of the cylinder to the edge of the inhibition zone.
The ability of the two bacterial strains to produce certain enzymes was tested on differential media, according to the protocols described below; then, the enzymatic activities were measured for: amylase (enzymatic assay of α-amylase EC 3. In order to investigate amylases' production, B. mycoides (Bm) and P. putida (B1) were grown on Petri plates with Starch Nutrient Agar (SNA) medium. The medium was spot inoculated and incubated for 48 h at 30 °C. Following incubation, the plates were flooded with 2 mL of Gram's iodine, which forms a dark blue-colored complex in the presence of starch. Colorless zones around the colonies revealed starch hydrolysis.
For amylase activity determination, the strains were cultivated in SNA broth medium, for 72 h, at 28-30 °C and 220 rpm, till B. mycoides (Bm) reached an OD of 8.15 and P. putida (B1) reached an OD of 4.25. After centrifugation of the culture broths (30 min at 4 °C and 8000 rpm), the supernatants were used for the determination of the enzymatic activity, by a spectrophotometric method, based on starch hydrolysis into maltose [30] .
One unit of amylase activity is defined as the amount of enzyme that liberates 1.0 mg of maltose from starch in 3 min, at pH 6.9, at 20 °C.
To investigate catalase production at a quantitative level, B. mycoides (Bm) and P. putida (B1) were grown on M44 solid medium, for 72 h, at 30 °C. After that, the surfaces of the media containing the cultures of the strains (6 × 10 8 UFC/mL) were washed with 3 mL of distilled water. The cell suspensions were subjected to ultrasonication to extract the enzyme (35 kHz frequency ultrasound, Bandelin Sonorex digital 10 p ultrasonic bath dk 255 P), then centrifuged, and the supernatant was analyzed for spectrophotometric determination of the enzymatic activity [32], based on the following reaction:
One unit of catalase will decompose 1.0 µm of H2O2 per minute at pH 7.0 at 25 °C, while the H2O2 concentration falls from 10.3 mM to 9.2 mM. The rate of disappearance of H2O2 was followed by observing the rate of decrease in the absorbance at 240 nm.
For testing the microorganisms' ability to produce lipases, the strains were grown in submerged culture for 72 h at 30 °C and 220 rpm, on several media (NB, KB, LB, M44, YMPG).
One unit of catalase will decompose 1.0 µm of H 2 O 2 per minute at pH 7.0 at 25 • C, while the H 2 O 2 concentration falls from 10.3 mM to 9.2 mM. The rate of disappearance of H 2 O 2 was followed by observing the rate of decrease in the absorbance at 240 nm.
For testing the microorganisms' ability to produce lipases, the strains were grown in submerged culture for 72 h at 30 • C and 220 rpm, on several media (NB, KB, LB, M44, YMPG). These constituted the inoculum used in the lipase assay. To show lipase production, the strains were then cultivated (spot inoculated) on Petri plates with LA medium containing tributyrin. After 48 h of incubation, the plates were analyzed as regards the diameters of the clear zones around the colonies, which signifies lipase production. These constituted the inoculum used in the lipase assay. To show lipase production, the strains were then cultivated (spot inoculated) on Petri plates with LA medium containing tributyrin. After 48 h of incubation, the plates were analyzed as regards the diameters of the clear zones around the colonies, which signifies lipase production.
Triglyceride + H2O Lipase Diglyceride + Fatty Acid T = 37 ° C, pH = 7.2
One unit of enzyme activity is defined as that amount of enzyme that liberates the equivalent of 1 µm of fatty acid per minute from the substrate emulsion (olive oil in the presence of thymolphthalein indicator) under the described assay conditions.
Emulsification Index Test
In order to evaluate the production of biosurfactants by the selected strains, submerged bioprocesses in 500 mL flasks with 100 mL medium on a rotary shaker at 220 rpm were performed. The strains were grown for 72 h at 30 °C, in YMPG, KB, LB, and M44 media. After centrifugation of the culture broths (30 min at 4 °C and 9000 rpm), the supernatants were used for the determination of the emulsifying indexes of heptane, octane, and sunflower oil.
Emulsions were prepared as described by Pathak and Keharia (2014) [40] . Six milliliters of sunflower oil/heptane/octane and 4 mL of supernatant were added in the test tubes.
The tubes were vigorously stirred, and the height of the emulsions formed were measured after 24 h and 30 days, respectively. The emulsifying index was calculated using the following formula: E24 = (Height of emulsion layer/Height of total liquid column) × 100
The experiments were performed in triplicate.
Conclusions
Regarding the growth of the B. mycoides (Bm) and the P. putida (B1) strains, the best results were obtained in the M44 medium as the ODs were 40.35 and 24.35, respectively, after 72 h of the bioprocess.
Newly isolated strains and their supernatants exerted antimicrobial activity against the phytopathogens Erwinia carotovora ICCF 138 and Xanthomonas campestris ICCF 274.
Initial tests on solid media showed that B. mycoides (Bm) produced the enzymes amylase and lipase. After 72 h of submerged development in SNA medium and 48 h in LA medium, B. mycoides (Bm) produced small amounts of amylases (as the amylase activity was 0.75 U/mL) and lipases (0.39 U/mL), which means that the fermentation media needed to be optimized. The amylase activity of P. putida (B1) was insignificant: the lipase activity of the strain registered 0.36 U/mL, and the catalase activity registered 2.3 U/mL. The biosurfactants of both strains formed emulsions with sunflower oil. The emulsions formed by the supernatants of P. putida (B1), grown in the LB medium, presented the most significant values in both cases (after 24 and 30 days, respectively). The emulsifying indices (E24) for octane reached the highest values: 73.97% in the LB medium and 71.26% in the KB medium.
Although supernatants from the B. mycoides (Bm) strain grown in the KB and LB media formed emulsions with sunflower oil (with an emulsifying index of 60.56 and 56.76, respectively), they remained stable for only 24 h, while those from M44 and YMPG remained stable for 30 days.
These results suggest the possibility of using these newly isolated strains in agriculture (for preventing the diseases caused by several phytopathogens) and in the bioremediation of waste oils and hydrocarbons, as well as in the food, cosmetic, chemical, and pharmaceutical industries. However, further investigations are required to improve the media, mainly with waste oils and hydrocarbons. Being able to grow on these kinds of substrates, the strains could be used both to One unit of enzyme activity is defined as that amount of enzyme that liberates the equivalent of 1 µm of fatty acid per minute from the substrate emulsion (olive oil in the presence of thymolphthalein indicator) under the described assay conditions.
Emulsification Index Test
In order to evaluate the production of biosurfactants by the selected strains, submerged bioprocesses in 500 mL flasks with 100 mL medium on a rotary shaker at 220 rpm were performed. The strains were grown for 72 h at 30 • C, in YMPG, KB, LB, and M44 media. After centrifugation of the culture broths (30 min at 4 • C and 9000 rpm), the supernatants were used for the determination of the emulsifying indexes of heptane, octane, and sunflower oil.
Conclusions
These results suggest the possibility of using these newly isolated strains in agriculture (for preventing the diseases caused by several phytopathogens) and in the bioremediation of waste oils and hydrocarbons, as well as in the food, cosmetic, chemical, and pharmaceutical industries. However, further investigations are required to improve the media, mainly with waste oils and hydrocarbons. Being able to grow on these kinds of substrates, the strains could be used both to reduce the pollutants and to produce biosurfactants with many potential applications. 
